
14.GS:

RPI144
c. 1

STATE OF ILLINOIS
ADLAI E. STEVENSON, Governor

DEPARTMENT OF REGISTRATION AND EDUCATION
NOBLE J. PUFFER, Director

DIVISION OF THE

STATE GEOLOGICAL SURVEY
M. M. LEIGHTON, Chief

URBANA

REPORT OF INVESTIGATIONS—NO. 144

ATTERBERG PLASTIC LIMITS
OF

CLAY MINERALS

By

W. ARTHUR WHITE

Reprinted from the American Mineralogist

Vol. 34, Nos. 7 and 8, July-August, 1949

PRINTED BY AUTHORITY OF THE STATE OF ILLINOIS

URBANA, ILLINOIS

1949

LIBRARY

ENVIRONMENTAL PROTECIIUN ano^k

STATE OF ILLINOIS

SPRINGFIELD, ILLINOIS



ORGANIZATION

STATE OF ILLINOIS
HON. ADLAI E. STEVENSON, Governor

DEPARTMENT OF REGISTRATION AND EDUCATION
HON. NOBLE J. PUFFER, Director

BOARD OF NATURAL RESOURCES AND CONSERVATION
HON. NOBLE J. PUFFER, Chairman

W. H. NEWHOUSE, Ph.D., Geology

ROGER ADAMS, Ph.D., D.Sc, Chemistry

LOUIS R. HOWSON, C.E., Engineering

A. E. EMERSON, Ph.D., Biology

LEWIS H. TIFFANY, Ph.D., Forestry

GEORGE D. STODDARD, Ph.D., Litt.D., LL.D., L.H.D.
President of the University of Illinois

GEOLOGICAL SURVEY DIVISION
M. M. LEIGHTON, Ph.D., Chief



SCIENTIFIC AND TECHNICAL STAFF OF THE
STATE GEOLOGICAL SURVEY DIVISION

100 Natural Resources Building, Urbana
M. M. LEIGHTON, Ph.D., Chief

ENID TOWNLEY, M.S., Assistant to the Chief

Millard, Junior Asst. to the Chief Elizabeth Stephens, B.S., Geological Assistant
McMorris, Secretary to the Chief

Velda A.
Helen E,
Berenice Reed, Supervisory Technical Assistant

GEOLOGICAL RESOURCES
Arthur Bevan, Ph.D., D.Sc, Principal Geologist

Coal

G. H. Cady, Ph.D., Senior Geologist and Head
R. J. Helfinstine, M.S., Mechanical Engineer
Robert M. Kosanke, M.A., Associate Geologist
John A. Harrison, M.S., Assistant Geologist
Jack A. Simon, M.S., Assistant Geologist (on leave)
Raymond Siever, M.S., Assistant Geologist
Mary E. Barnes, M.S., Assistant Geologist
Margaret Parker, B.S., Assistant Geologist
Kenneth Clegg, Technical Assistant

Oil and Gas

A. H. Bell, Ph.D., Geologist and Head
Frederick Squires, A.B., B.S., Petroleum Engineer
David H. Swann, Ph.D., Geologist
Virginia Kline, Ph.D., Associate Geologist
Wayne F. Meents, Assistant Geologist
Richard J. Cassin, M.S., Assistant Petroleum En-

gineer
Lester W. Clutter, B.S., Research Assistant
Nancy Cassin, B.S., Research Assistant

Industrial Minerals

J. E. Lamar, B.S., Geologist and Head
Robert M. Grogan, Ph.D., Geologist
Donald L. Graf, M.A., Associate Geologist
Raymond S. Shrode, B.S., Assistant Geologist

Clay Resources and Clay Mineral Technology

Ralph E. Grim, Ph.D., Petrographer and Head
William A. White, M.S., Associate Geologist
Herbert D. Glass, M.A., Associate Geologist

Groundwater Geology and Geophysical
Exploration

Carl A. Bays, Ph.D., Geologist and Engineer, and
Head

Merlyn B. Buhle, M.S., Associate Geologist
M. W. Pullen, Jr., M.S., Associate Geologist
Richard F. Fisher, M.S., Assistant Geologist
Margaret J. Castle, Assistant Geologic Draftsman
John W. Foster, B.A., Assistant Geologist
Robert Knodle, M.S., Assistant Geologist

Engineering Geology and Topographic Mapping

George E. Ekblaw, Ph.D., Geologist and Head

Areal Geology and Paleontology

H. B. Willman, Ph.D., Geologist and Head
Heinz A. Lowenstam, Ph.D., Geologist (on leave)

J. S. Templeton, Ph.D., Geologist

Subsurface Geology

L. E. Workman, M.S., Geologist and Head
Elwood Atherton, Ph.D., Associate Geologist
Paul Herbert, Jr., B.S., Associate Geologist
Donald Saxby, M.S., Assistant Geologist
Robert C. McDonald, B.S., Research Assistant
Lois Titus, B.S., Research Assistant

Mineral Resource Records

Vivian Gordon, Head
Harriet C. Daniels, B.A., Technical Assistant
Dorothy Gore, B.S., Technical Assistant
Dorothy A. Foutch, Technical Assistant
Zora M. Kaminsky, B.E., Technical Assistant
Elene Roberts, Technical Assistant

Ruth Bickel, Technical Assistant
Jane Teller, A.B., Technical Assistant

GEOCHEMISTRY
Frank H. Reed, Ph.D., Chief Chemist
Grace C. Johnson, B.S., Research Assistant

Coal

G. R. Yohe, Ph.D., Chemist and Head
Ruth C. Wildman, M.S., Assistant Chemist
Wm. F. Loranger, B.A., Research Assistant

Industrial Minerals

J. S. Machin, Ph.D., Chemist and Head
Tin Boo Yee, M.S., Assistant Chemist
Paulene Ekman, B.A., Research Assistant

Fluorspar

G. C. Finger, Ph.D., Chemist and Head
Robert E. Oesterling, B.A., Special Research

Assistant
James L. Finnerty, B.S., Special Research Assistant

Chemical Engineering

H. W. Jackman, M.S.E., Chemical Engineer and
Head

P. W. Henline, M.S., Chemical Engineer
B. J. Greenwood, B.S., Mechanical Engineer
James C. McCullough, Research Associate

X-ray

W. F. Bradley, Ph.D., Chemist and Head

Physics

Kenneth B. Thomson, Ph.D., Physicist
R. J. Piersol, Ph.D., Physicist Emeritus

Analytical Chemistry

O. W. Rees, Ph.D., Chemist and Head
L. D. McVicker, B.S., Chemist
Howard S. Clark, A.B., Associate Chemist
Emile D. Pierron, M.S., Assistant Chemist
Elizabeth Dahlgren, A.B., Research Assistant
Donald Russell Hill, B.S., Research Assistant
Ruth E. Koski, B.S., Research Assistant
Annabelle G. Elliott, B.S., Technical Assistant
Alice M. Helmuth, B.S., Research Assistant

MINERAL ECONOMICS
W. H. Voskuil, Ph.D., Mineral Economist
W. L. Busch, Research Associate
Nina Hamrick, A.M., Assistant Mineral Economist
Ethel M. King, Research Assistant

EDUCATIONAL EXTENSION
Gilbert O. Raasch, Ph.D., Associate Geologist

in Charge
Dorothy Ranney, B.S., Technical Assistant

LIBRARY
Anne E. Kovanda, B.S., B.L.S., Librarian
Ruby D. Frison, Technical Assistant

PUBLICATIONS
Dorothy E. Rose, B.S., Technical Editor
M. Elizabeth Staaks, B.S., Assistant Editor
Meredith M. Calkins, Geologic Draftsman
Ardis D. Pye, Assistant Geologic Draftsman
Wayne W. Nofftz, Technical Assistant
Leslie D. Vaughan, Associate Photographer
Beulah M. Unfer, Technical Assistant

Consultants: Geology, George W. White, Ph.D., University of Illinois
Ceramics, Ralph K. Hursh, B.S., University of Illinois
Mechanical Engineering, Seichi Konzo, M.S., University of Illinois

Topographic Mapping in Cooperation with the United States Geological Survey.
This report is a contribution of the Division of Clay Resources and Clay Mineral Technology.

June 1, 1949



ATTERBERG PLASTIC LIMITS OF CLAY MINERALS*

W. Arthur White f

Abstract

The Atterberg plastic limits of the common pure clay minerals are presented. The

data obtained indicate that the plastic limit of attapulgite>montmorillonite>illite

>kaolinite; that the liquid limit of sodium montmorillonite> calcium montmorillonite

= attapulgite>illite>kaolinite; and that the plastic index of sodium montmorillonite> cal-

cium montmorillonite >attapulgite>illite>kaolinite. The data show also that all the

Atterberg limits increase with decreasing particle size.

Introduction

The purpose of this report is to present the Atterberg plastic limits

of pure clay minerals and the effect of the particle size of the clay minerals

on the Atterberg limits. Because clay minerals are dominant components

of most clay materials (soils, shales, tills, loesses, and clays), which are

aggregations of particles of one or more clay minerals and frequently

such non-clay materials as quartz, feldspars, organic matter, etc., the

data on pure clay minerals should be very useful in interpreting data for

natural clay materials. The Atterberg limits are widely used, particularly

by engineers, as a means of estimating the plastic properties of clay ma-

terials.
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Definition

The Atterberg limits of a soil or clay are the liquid limit, plastic limit,

and plastic index, and Allen1 defines them as follows:

1. "Liquid limit is the moisture content, expressed as a percentage by

weight of the oven-dry soil, at which the soil will just begin to flow when
jarred slightly."

2. "Plastic limit is the lowest moisture content, expressed as a per-

* Published with the permission of the Chief of the Illinois State Geological Survey.

This report is an expanded part of a thesis on "The Properties of Clays" submitted in par-

tial fulfillment of requirements for the degree of Master of Science in Geology in the Gradu-

ate School of the University of Illinois.

f Associate Geologist, Illinois State Geological Survey, Urbana, 111.

1 Allen, Harold, Classification of soils and control procedures used in construction of

embankments: Public Roads, 22, 263-265 (1942).
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ATTERBERG PLASTIC LIMITS OF CLAY MINERALS 509

centage by weight of the oven-dry soil, at which the soil can be rolled

into threads J inch in diameter without breaking into pieces. Soil which

cannot be rolled into threads at any moisture content is considered non-

plastic."

3. "Plastic index is the difference between the liquid limit and the

plastic limit ... It is the range of moisture content through which a soil

is plastic. When the plastic limit is equal to or greater than the liquid

limit the plastic index is recorded as zero."

Procedure

The clay minerals, as determined by £-ray, differential thermal and

microscopic analyses, were illites, kaolinites, montmorillonites, halloy-

sites, attapulgite, and allophanes (Table 1).

The illites, the kaolinite from Union County, Illinois, and the mont-

morillonites from Mississippi were fractionated to less than 1.0 micron;

also the illites (except the illite from Ohio) and the Union County kao-

linite were fractionated to less than 0.5 micron. The remaining clays were

not fractionated because they either would not disperse or they formed

thixotropic suspensions.

The Atterberg limits were determined in accordance with Allen's2 defi-

nition except that the liquid limit was determined in the Casagrande

liquid limit machine as described by Casagrande.3

In determining the liquid and plastic limits of all the clay minerals

except the montmorillonite from Belle Fourche, South Dakota, and at-

tapulgite, the water was added to the clays until the plastic and liquid

limits were reached.

The Belle Fourche montmorillonite, perhaps because it is the sodium

type, requires different treatment because it forms a gel when water is

evenly dispersed between the particles; whereas if water surrounds a

lump, it will not penetrate to the interior because the outer surface will

gel, forming an impermeable layer around the lump. It is, therefore, al-

most impossible to start with the dry clay and add water without forming

lumps.

In order to get a smooth mixture of water and montmorillonite, the

bentonite was added slowly to the water through a screen while the water

was being stirred by a milk-shake machine. The montmorillonite was

added until a gel was set up. This gel was stirred by moving the cup

around the stirring blade to break up any lumps formed. The gel was

2 Allen, Harold, op. cit.

3 Casagrande, Arthur, Research on the Atterberg limits of soils: Public Roads, 13,

121-130 (1932).
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Table 1. The Atterberg Limits of Clay Minerals

Clay

Mite

1. Grundy Co., Illinois

2. LaSalle Co., Illinois

3. Vermilion Co., Illinois

4. Jackson Co., Ohio

Kaolinite

5. Union Co., Illinois

6. Twiggs Co., Georgia

Montmorillonite

7. Belle Fourche, S. Dakota

8. Pontotoc, Mississippi

Attapulgite

9. Quincy, Florida

Halloysite

10. Halloysite, Eureka, Utah

11. Hydrated halloysite, Lawrence Co.

Indiana

Allophane

12. Lawrence Co., Indiana

Particle

Size

Microns

Plastic

Limit

whole

<1.0

0.5

whole

<1.0

0.5

whole

<1.0

0.5

whole

<1.0

whole

<1.0

0.5

whole

whole

whole

<1.0

whole

35.70

39.59

52.27

24.75

46.21

52.98

23.87

44.44

44.90

28.77

35.16

36.29

37.14

39.29

29.86

97.04

81.41

109.48

116.64

not plastic

not plastic

not plastic

Liquid

Limit

Plastic

Index

61.20

83.00

1Q3.65

35.90

85.55

111.25

29.05

95.05

53.95

61.25

58.35

64.20

71.60

34.98

625-700

117.48

175.55

177.80

25.50

43.41

51.38

11.15

39.34

58.27

5.18

50.61

25.18

26.09

22.06

27.06

32.31

5.12

528-603

36.07

66.07

61.16
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poured into a pan and allowed to dry in air, the contents being stirred

every day to keep an even and smooth mixture. Data were recorded when

the montmorillonite became rigid enough to take 10 taps on the liquid

limit machine and were continued to 50 taps.

The attapulgite had a gelling property similar to that of the sodium

type montmorillonite, but it was not so pronounced. The same procedure

was used to obtain the liquid limit of attapulgite as was used with the

Belle Fourche montmorillonite.

Discussion

From the data (Table 1), the illites showed that with decrease in par-

ticle size the Atterberg limits increase. The illites from La Salle and

Grundy Counties, Illinois, showed excellent correlation between particle

size and the Atterberg limits. The Atterberg limits for the illite from

Vermilion County, Illinois, indicated that most of the minus 1.0/z par-

ticles were near 0.5/x; whereas those for the illite from Ohio suggested

that the particles were for the most part near 1.0/x in the minus 1.0/z

fraction. The low Atterberg limits for the whole samples from La Salle

and Vermilion Counties showed the influence of non-clay impurities as

determined with the microscope. The plastic limit for an illite clay would

probably range from 25 to 55 per cent; the liquid limit, from 50 to 115

percent; and the plastic index, from 25 to 60 per cent, with the variations

depending upon particle size.

The kaolinites were represented by a very fine crystalline kaolinite

from Union County, Illinois, and a very coarse crystalline kaolinite from

Georgia. About 70 per cent of the Union County kaolinite was less than

0.5;u and most of the Georgia kaolinite was about 2\±. The kaolinites also

showed the effect of particle size on the Atterberg limits, but these varia-

tions are not as great as for the illites. The plastic limit of kaolinite would

probably range from less than 25 to 40 per cent; the liquid limit from 30

to 75 per cent; and the plastic index from to 35 per cent. The shrinkage

of the kaolinite would be less than that of the illites.

The montmorillonites were of two types: one carrying sodium as the

exchangeable base (Belle Fourche, South Dakota) and the other carrying

calcium (Pontotoc, Mississippi). The plastic limits of the two were about

the same, but there was a great difference in the liquid limits which was

probably due to the nature of the exchangeable base. The sodium mont-

morillonite set up gels which increased the liquid limit and also caused

the results to be somewhat erratic. The calcium montmorillonite had a

plastic index little greater than that of illite, but the plastic and liquid

limits were considerably higher. Klinefelter et al. 4 reported the plastic

4 Klinefelter, T. A., et al., Syllabus of Clay Testing, Part I, U. S. Bur. Mines, Bull,

451, p. 7 (1943).
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limit of montmorillonite as high as 250 per cent. The plastic range for

this mineral would probably be 80 to 250 per cent; the liquid limit, from

115 to 700 per cent; and the plastic index, from 35 to 600+ per cent. This

means that the montmorillonite upon drying would shrink considerably

more than the illite.

The Atterberg limits of attapulgite are closely similar to those of the

calcium montmorillonite. The shrinkage would be greater than that of

illite and would probably about equal that of calcium montmorillonite.

Both the Eureka, Utah, halloysite, which was the lower hydrated form,

and the Indiana halloysite, which was the higher hydrated form of this

mineral, were nonplastic. However, work in progress suggests that some

of the halloysites ranging between these two extremes are plastic.

The allophanes are amorphous hydrous aluminum silicates. The two

samples used in this experiment were not plastic. However, it is possible

that amorphous clay materials may be found that are plastic.

Conclusions

The data obtained on the plastic clays would indicate that the Atterberg

limits increase with decreasing particle size. It would also indicate that

the plastic limit of attapulgite > montmorillonite > illite >kaolinite; that

the liquid limit of sodium montmorillonite > calcium montmorillonite =
attapulgite > illite >kaolinite; and that the plastic index of sodium mont-

morillonite > calcium montmorillonite > attapulgite > illite > kaolinite.

The shrinkage would probably be montmorillonite > attapulgite > illite

> kaolinite.
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